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. .- By Br~nne&ke-, ‘.

- “‘:‘; The positions o~iboupdary-layer;t+&itJon: w&& ascb+ified
experimentallyfor a swept-back wing and a wing”w’i%hout‘sweepback

;Jwhich were alike in all:o,~er rei”pect~antiwere @rn#bed for theI ,
same angle of attack -(13es 5.6 x 102). ‘ Th?”swep~:back wing in a

definite’ra-h.@of angle Of’attack repti.tedinfa hacl&ayd khift.of’.;-’
the transitiompoln~ on the auction,~ide o< thp wing.,,The,favorable
effect of sweepback on the position of the transition point pre~ic~ed
in:-reference1 i.aconfirmed,vxmsequently., , , .,. ,! ,. ,.

);,!

,,.
In addftioh-’todecreasing&a&& at @i-& M~h n~&ers,J

.~he..

.Swept-backwing is acknowledged tp,,jmvaadditional advantages. ““J
-’[(CompareLipplsGh.rderence.l. ) ,Thesea&e!, ., - ,l~fl’

,,. $ ),, ,;

J(1)Decrease ~f %he pressure d?ag. me i-educationfact~r’iE4~
J

a~jjrbxlmately”’equalto .thqcosine of th6 an~le,of ’sw66pba’cli.-’-‘!
..~. .,,,, ...! ,’:..r;,:...,

~$)-’hac~ard shif~!o~’~~e trensitlon@int~r:i .“ ‘> :

..,, L-,- ,:. . ,.

There are no @owJexperi~ent~,,~hikh,’&,6ti~llbh~xperimentally the
; advantage anticipated. It.apye,aredJustifiahlej-therefore, to

carry out some fundwental experiment which @.ght f~sh some
tdea of:the magnitude of the advantage expected. Such an experiment
is reported in what follows; the advantage of,the sweepback appears
clearly. [

The transition points were ascertained experimentally for a
wing without sweepback and one swept back at an angle Y = 35°,
which were alike with respect to surfaces, profile, aspect ratio,
and taper. Since this involves a three-dimensional-flowvisualization,
methods which operate with a p$tot survey, whi=h determines the. .

‘*’’Mh&&nhaltu@ der G’re&echichtstr15mungbei gepfeiltem F>iigelj
fi

Zentrale fiirwis~enschsftllches%richtswe$?m defi?iufti%ihrtforschung
des Generalluf’tzeugmeist,ers(ZWB) Berlin-@J.ershof$Untersuchungen
und Mitteilungen J’&.,3151, September 13, 1944. “>’
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transition-regionby yofnts,are te&y.ttme consuming in the present
case; methods which made the transition point visible throughout,
for example, coating and dust precipi~tion metbods, are more suited
for the present ’$mb’lem. Thd.dust preci~itation qet~od was used
(reference 2). This method, recently developed, operates in the
following way. Veryf’itii?due% [f.low~rsof sulphuzzwas used) is
blown from its resting place by an air stream and acquires a large
electrical charge in this loosen-, /If,$t manages to get into the
windstream in this condition, it settles on surfaces traversed by
the flow and delivers up its charge. If the surface in the flow is
covered with a turbulent boundary..’layer,many particles get into the
vicinity of the surface as a result of the increased diffusion and
settle there. Very few particles settle on the surface adjacent to
lamina.fLow..”Tha+-limitWtweenj the lamim~ ead tur-b@ent,pcnu@ary-
layer zxmes$s made visible in this way,. The precipitate in the . .
turbukit~flow.region is so fine).,however,,that it is..oti.yvisible fi
glanoing ilMminati-on.or view. Figure .lshows’a photograph of~th~.
swept~back-,winginvestigated wi-ththe ljmit of dust precipitation ,,
on-the:pqc.tion.sidawith CL= 3° aryl R. =.7.4x,105. “ ,, ~~~

.,. . ,, .,. . .

The transition’pointwae obtained and drawn up for both wings
to be compared by means of this method at various angles of attack ‘:
and alfiixedReynolds .r+mber of 5,.6 x 10~ (mean chord 114= 0.265 m;,.-
wind velociby .vJ= 30 m/s) for both the suction andpremure.sides.
The comparison of the two wings .at.oneengle of attack is,mqde in tl?e
following discussion. In this connection, it should be noted that
the lift of the “twowings is notprecisely the same. A previouq
measurement of forces gave -~heseresults: for the trapezoida,l~ying

The transition point follows a nearly straight-line course over
the half ‘ofthe ’w2ng in.each case investigated.1 The regions.of
Muninar or turbulent flow consequentlyhav.e>rapezoldal form on,eac~
half of the wing and the ~ortions of the entire wing surface that,,‘
relate’to these regions are determined by the,position of the transi-
tion point at the.center section of thewing semispan. ‘ -,, “ -.,

The results of the investigationare shown in figure 2. ““J:
At u’= 0° ‘there is no distinct difference with re~rd to the.-
position oftransition on the upper and lower surfacee of the.t.wo
wings. ‘At u = 3° transitionDccms. much farther back on the. ,.,’1s,!,’!

.:., :.’. , f,t ;., . -. , , . ,,

. . -
. . . .

.,,,,, . . . . .. . .

-,.. lThJs ~tr&@t-~~ne.~p&=~catioriinmm-ycases did not run <~: “------_.-.
the s~e->ioportion’ from the leading edge of *hG-Wing, rela~iv~”~~-’”’
the actual ’chordof’the wing, but somewhat inclined to it. No
systematic change in this slope, however, was perceptible”
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swept-back wing $han,on.the unswept wingalthough’this
decreases:at greater.angles of attack. Flgur6-2~shtis
the’atiface.of,t@r>&.acti~nside of the swept-baGk”icing

3

:,
su>eri&rity
that fbr u =
has approxi-

3°

Mte~”O.31 m&re laminar flow than the corresponditi~sidd~of the wing
without sweepbaqk. Possibly 0.04 of theipres&re side of the”.
swept-back’wing,cm the other hand, ,hasadditional turbulent fluw
beyond that over-the preesure side of,the wing without 6weepbae’k:
This shift of transition as a re#nil.tof aweepback leads to the
following dxag ~aving at a = 3 , if the estimated value
of Acf = 0.0035 is taken as a basis for the,difference of’the
friction coefficients Acf between turbulent and laminar frietfan,

which taken rigorous~ holds only for a #lat plate and one ~osition of
the transition point at Re* = O.P ;:10C).

(AT!’Suction side
AF

)

- Pressure side ~f

‘Wing ‘Wing

(0.27)(0.0035)

0.00095

With an estimated drag coefficient of Cw = 0.008 for the wing

without sweeyback,
of:

as a result of sweepback there is an improvement

ACw
w . 12 percent—~

Cw .

To find a physical explanation for the favorable behavior of
the ti~darY layer on the swept-back wing relative to the transition
point is still premature because the present state of knowledge for
the simple case of the two-dimensionalboundary layer at the tran-
sition from laminar to the turbulent condition must be advanced. The
pred~.c-jionsmade in reference 1 regarding the favorable boundary-
layer transition behavior of the swept-backwing are based on the ccn-
cept that the lateral “suction”of the boundary layer at the wing center
section is the cause-of the backward shift of the transition point.
Accordingly, the largest backward shift would be expected at the
wing center and only a slight backward shift, or even a forward
shift of the transition point, would be expected at the wing tip.
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me experiments failed to disclose such behavior; only the fact
remains that the lateral travel of the. boundary layer on a swept-
back wing has a beneficial,effect on the position of the treneition
point on thq suction side. The” question of,.whether this beneficial
behavior ie maintained at higher Re numbers-andhigher Mach :’
numbers, and whether a further improvement is ’possible through the
application of laminar-flow profiles remains open and will be the
subject of further izm+estlgatidns; if necessary.

,.

Translated by Dave Feingold ‘ -’
.,

National Advisory Conr.aittee’ - ,’
for Aeronautics :

J

,:.
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Figure 1.- The transitionpoint made visibleon

dust precipitationmethod. a = 3°;

a swept-back wing by the

Re = 7.4 x 105.
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Trapezoidalwing A.~66 Swept-backwing
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outerprofile~A.C.A0040+

Innerprofile)V.A.C.A00fl+4
V- Angle =60

—A— Trapezoidalwing

—A— Swept-backwing

Pressure side
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—o— Swept-backwing

Suctionside

Figure 2.- Position of the transition point in the center section of half
a wing as a function of the angle of attack for a swept-back wing and
one without sweepback.
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